Phenotypic characters and phylogenetic analyses based on ITS, β-tubulin (BenA) and the second largest subunit of RNA polymerase II (RPB2) gene sequences were applied to identify Aspergillus trisporus, a third member of the Aspergillus Jani section isolated from soil in the Ferriferous Quadrangle, Brazil. This new species has, as morphological markers, stipes of white conidiophores markedly smaller than the other species of the section and slow growth in all culture media evaluated. A. trisporus is phylogenetically and phenotypically more related to A. brevijanus, but it can be differentiated by non-growth at 37 °C and by the shorter stipes of the white conidiophores and predominantly clavated vesicles. This report contributes to the knowledge of Brazilian soils' fungal diversity, especially in poorly explored habitats such as the Ferriferous Quadrangle.
Introduction
One of the oldest genera discovered, Aspergillus was first described almost 300 years ago by Micheli (1729). Since then, species of this genus have become increasingly well-known and much studied due to their beneficial characteristics, such as production of antibiotics, organic acids and enzymes. In addition, they are also commonly recognized for their negative impact on human activities, associated with food spoilage and mycotoxin production; some species are also described as pathogens of humans (Samson et al. 2014) .
The genus Aspergillus is quite diverse, considered cosmopolitan and able to colonize an extensive variety of substrates, especially soils and decaying vegetation. This ability is related to its rapid growth over a wide temperature range (6 to 55 °C), its high production of conidia, enzymes and other secondary metabolites (Klich 2002 , Bennett 2010 , Krijgsheld et al. 2013 .
Advances in the analysis techniques for molecular biology and metabolites culminated in changes within the species classification of Aspergillus, and currently it is carried out by a Current Research in Environmental & Applied Mycology (Journal of Fungal Biology) 9(1): 175-186 (2019) ISSN 2229-2225 www.creamjournal.org Article Doi 10.5943/cream/9/1/15 polyphasic approach, based on colony characteristics, micromorphology, phylogeny and, in some cases, metabolite production (Samson et al. 2014 , Tanney et al. 2014 . Important modifications in the classification of Aspergillus can be mentioned, such as the division of the extensive family Trichocomaceae into three distinct families, Trichocomaceae, Aspergillaceae and Thermoascaceae, based on multigenic phylogeny (Houbraken & Samson 2011) . After this, the recent changes in the International Code of Nomenclature for Algae, Fungi and Plants (McNeill et al. 2012) , mainly to support the principle of "one fungus: one name", led to discussions about whether to divide teleomorphs and anamorphs of Aspergillus into distinct genera or to keep them as a single genus. Thus, the currently accepted nomenclature is the maintenance of the name Aspergillus for the two states of life (Houbraken et al. 2014 , Pitt & Taylor 2014 , Samson et al. 2014 , Kocsubé et al. 2016 . Finally, many studies have been carried out in order to reorganize the Aspergillus subgenera and sections based on phylogeny. Examples of this are the species A. janus and A. brevijanus, previously classified in the Versicolores, Terrei and Flavipedes sections, but which now belong to the Jani section (Hubka et al. 2015 , Jurjević et al. 2015 .
The Jani section comprises two species to date often associated with soil in many countries (Hubka et al. 2015) . The Aspergillus janus Raper & Thom neotype strain was isolated from soils in Panama, and the Aspergillus brevijanus S.W. Peterson neotype strain, formerly known as Aspergillus janus var. brevis Raper & Thom, was obtained from soils in Mexico (Raper & Thom 1944 , Peterson 2008 ). The first reports of A. janus and A. brevijanus were based only on morphological markers, but the more recent works demonstrated that both species represent monophyletic groups, strongly supported by phylogenetic data using DNA sequences of the ITS region of rDNA and partial sequences of BenA, calmodulin, and RPB2 genes (Peterson 2008 , Hubka et al. 2012 , 2015 .
A strain with the typical morphological characters of the Jani section, but morphologically different from the two described species in this group, was isolated from collections made in soils of the Ferriferous Quadrangle, Brazil. This area is recognized for its mineral wealth and as a biodiversity hotspot, due to important deposits of iron and gold and its unique environment, which has a number of endemic species that face a risk of extinction. In this study we describe and illustrate this identified strain, based on multilocus phylogeny and morphological characterization, as a new species within the Jani section.
Materials & Methods

Fungal isolation
Two strains were obtained from soil samples collected at a depth of 20 cm under cultivation of Eucalyptus sp. in the VALE Biodiversity Center (VALE S.A. Company) in the Ferriferous Quadrangle, Minas Gerais, Brazil. Isolations were carried out using the soil dilution plate (10 1 to 10 4 ) on Dichloran Glycerol Agar (DG18) and Dichloran Rose-Bengal Chloramphenicol Agar (DRBC) media. After fungal growth, the monoconidial purification of the strains were done on Malt Extract Agar (MEA) and the fungi were deposited in the Coleção de Culturas do Departamento de Ciências dos Alimentos (CCDCA) and in the Coleção Micológica de Lavras (CML) in the Plant Pathology Department (Table 1 ). Both collections are located at the Universidade Federal de Lavras -UFLA, Minas Gerais, Brazil.
DNA extraction, PCR and Phylogenetic analyses
The strains were grown on potato-dextrose-agar and the biomass was harvested into 1.5 mL centrifuge tube. The total DNA of the strains were extracted using CTAB method (Doyle & Doyle 1987) . Portions of the internal transcribed spacer region (ITS, ITS1 and ITS4, White et al. 1990 ), the second largest subunit of RNA polymerase II (RPB2, fRPB2-5F and fRPB2-7cR, Liu et al. 1999) , β-tubulin (BenA, TUB2FD and TUB4RD, Aveskamp et al. 2009 ), and calmodulin (CaM, CMD5 and CMD6, Hong et al. 2005) were amplified using a GoTaq Colorless Master Mix (Promega) in T100 Thermal Cycler (Bio-Rad). Cycling conditions for ITS RPB2 and CaM were according to Visagie et al. (2014) and for BenA were: 94 C for 2 min, 40 cycles of 94 C for 30 s, 54 C for 30 s and 72 C for 40 s, and a final extension at 72 C for 4 min. Gene regions were sequenced on a 3500 XL (Applied Biosystems) sequencer.
Bidirectional DNA sequences for each region were assembled by software SeqAssem (Hepperle 2004) . The sequences were compared with those deposited in BLAST (Altschul et al. 1997) , and additional sequences of type isolates of other species of Aspergillus were obtained from GenBank, NCBI (Table 1) . The sequences were aligned by using ClustalW implemented in the MEGA X (Kumar et al. 2018) . The alignments were deposited in TreeBASE (submission ID 21412, http://purl.org/phylo/treebase/phylows/study/TB2:S21412). Maximum parsimony (MP) and Maximum likelihood (ML) analyses were performed using MEGA X for each of the three gene regions and for the combined data sets. Clade stability was assessed with 1000 bootstrap replications (Alfaro et al. 2003) . ML analysis was performed under the Tamura-Nei model of nucleotide substitution, with gamma rate heterogeneity and a proportion of invariant sites (TN93+G+I). Sequences of A. campestris (NRRL 13001) and A. candidus (NRRL 303), from the Candidi section, were selected as outgroup taxa. The DNA sequences generated in this study have been deposited in GenBank (Table 1) .
Morphological characterization
The strains were grown at 25 °C in darkness on Czapek Yeast Extract Agar (CYA), Malt Extract Agar (MEA), Yeast Extract Sucrose Agar (YES) and Creatine Agar (CREA) for macromorphological observations. Plates with CYA were also incubated at 30 and 37 °C (Samson et al. 2014 , Hubka et al. 2015 . The cultures were grown in triplicate as a three-point inoculation on each medium in 90 mm diameter Petri dishes. Macro-morphology was described after 14 days of incubation when the colony color was fully expressed and all typical features were present (Hubka et al. 2015) .
Microscopic observations were made using mounts in lactic acid from colonies grown on YES; alcohol 70% was sprayed to remove air bubbles and excess of conidia. An inverted bright field Zeiss Axio Observer Z1 microscope with differential interference contrast (DIC) (Zen 2012 software) and a Nikon SMZ1500 stereoscope microscope (NIS Elements D3.2 software) were employed for micro-morphological examinations. When possible, the morphological structure measures were based on 30 units of each structure. To verify the occurrence of Hülle cells, subsequent examinations were done at 21 and 28 days of incubation. The images obtained were edited using Corel Draw X7.
Fragments of colonies grown on MEA 25 °C for 14 days were fixed in Karnovsky solution (pH 7.2), post-fixed with 1% osmium tetroxide solution and dehydrated in an acetone series for observation under Scanning Electron Microscopy (SEM) (Bozzola & Russell 1999) . Drying of the specimen was performed on the Critical Point apparatus (Bal-tec CPD 030 Balzers) followed by gold coating on Sputter Coater evaporator (Bal-tec SCD 050 Balzers). The acquisition of the images was performed with the Zeiss LEO EVO 40 XVP MEV in the UFLA Electronic Microscopy and Ultrastructural Analysis Laboratory, using Smart Sem software, at 20 Kv and a working distance of 6 mm. The images acquired were edited using Corel Draw X7.
Results
Phylogenetic analyses
Sequences from fragments of RPB2, BenA, ITS, and CaM were compared with sequences of type isolates of other species from Aspergillus subgroups in GenBank (Hubka et al. 2015) . The aligned RPB2 sequences consisted of 1014 bp (353 variable sites of which 326 were phylogenetically informative), BenA of 610 bp (333/294), ITS of 477 bp (96 / 84), and CaM of 633bp (348/302). There were no conflicts among the topologies obtained using ML and MP, once the ML tree is shown in Fig. 1 . In the phylogenetic analyses, a strongly supported clade was formed only with strains CCDCA FI15 and CCDCA 11948 within the Jani section, distinct from other species in this section, and it has A. brevijanus as sister species (Fig. 1) .
Based on phylogenetic and morphological analysis the strains CCDCA FI15 and CCDCA 11948 were described as Aspergillus trisporus sp. nov. Holotype -CCDCA FI15. Asexual morph Conidiophores in three different types. Conidiophore in green heads radiate, biseriate, stipes uncolored to pale brown, smoothwalled, usually non-septate, 84-138 µm ( =97±12) µm (n=25) × 4-8 µm ( =6±0.6) µm (n=25). Vesicles pyriform to subclavate, 9-12 µm ( =10±1) µm (n=28) long and 5-8 µm ( =6±0.7) (n=28) wide. Metulae 5-9 µm ( =7±0.8) (n=29) long. Phialides 5-7 µm ( =6±0.6) (n=30) long. Conidia green, markedly echinulate and globose to subglobose, 3-4.3 ( =3.6±0.5) µm diam. (without echinules). Conidiophore in white heads radiate, biseriate, stipes uncolored, smooth walled, usually non-septate, 325-740 µm ( =514±114) (n=24) × 5-9 µm ( =7±1) (n=24). Vesicles clavate, 19-25 µm ( =23±1.9) (n=17) long and 13-20 µm ( =16±1.9) (n=17) wide. Metulae 6-10 µm ( =8±0.8) (n=30) long. Phialides 5-8 µm ( =6±0.8) (n=30) long. Conidia hyaline, smooth and globose to subglobose, elliptical or ovoid, 2.2-3.8 µm ( =2.7±0.5) (n=25) diam. Conidiophore micro-to semimacronematous hyaline. Conidia hyaline, globose to subglobose, 3.3-5 µm ( =4.2±0.5) (n=30) diam. Sexual morph not observed. Hülle cells were not present.
Culture characteristics -Colonies on CYA at 25 °C reach 22-27 mm diameter in 14 d ( Fig. 2A) , floccose to granular, raised, wrinkled, irregular margin, sporulation greyish green, surface white to yellowish, white segments in margin, white and gray sterile mycelium in the colony center, reverse brownish. On CYA at 30 °C colonies attain 25-33 mm diameter (Fig. 2B) , moderately raised, irregularly wrinkled, velutinous, light gray bluish coloration, with a lower field dark green and point white mycelium masses, reverse light brown. Colonies on CREA attain 17-21 mm diameter (Fig.  2C) , floccose, white coloration, no acid production. On YES colonies reaching 24-27 mm diameter (Fig. 2D) , raised, velutinous, greyish-dark green and white sporulation near the margin, white and gray sterile mycelium in the colony center, reverse light brownish in center and dark green and pale 180 near the margin. Colonies on MEA attain 18-21 mm diameter ( Fig. 2E) , flat, low, velutinous, irregular margin, green sporulation near the margin and white gray covering the colony, mycelium in margin white to yellowish pale, reverse light brown. No growth on CYA at 37 °C. On YES two different growing lines of sporulation were observed, green and white (Fig. 2F, G) . The white conidiophores were taller than the green one (Fig. 2H, I) . Notes -Aspergillus trisporus differs morphologically from A. janus and A. brevijanus in its shorter stipes of the white conidiophores and predominantly clavated vesicles. Shorter green conidiophores and the absence of Hülle cells differentiate it from A. janus, and no growth on CYA at 37 °C distinguishes it from A. brevijanus. The macro and microscopic characteristics of A. trisporus compared to the characteristics of A. janus and A. brevijanus are shown in Table 2 . This new species differs from its closest phylogenetic species, A. brevijanus and A. janus, by ML and MP analyses, based on alignments of the concatenate sequences of ITS (MF616388), RPB2 (MF616389), BenA (MF616387), CaM (MN013146) and deposited in TreeBASE (S21412).
Discussion
Aspergillus trisporus nov. sp. belongs to the Jani Aspergillus section, which is composed of two other species, A. janus and A. brevijanus. Aspergillus trisporus presented typical characteristics of the section (Raper & Thom 1944 , Hubka et al. 2015 , with green and white sporulation and grey and white sterile mycelia on CYA, YES and MEA media incubated at 25 °C. Besides, it exhibits the typical conidiogenesis of the Jani section (Hubka et al. 2015) , with at least three types of conidiophores: short biseriate conidiophores producing green echinulated conidia; long biseriate conidiophores with white and smooth conidia; and micro-to semi-macronematous conidiophores producing white and smooth accessory conidia (Fig. 2) . This species differs phylogenetically from A. janus and A. brevijanus, with more proximity to A. brevijanus (Fig. 1) . This closer kinship level can also be observed when considering the morphological aspects, since it has more characteristics in common with A. brevijanus than A. janus. The presence of shorter green conidiophores and the absence of Hülle cells are characteristics shared by A. trisporus and A. brevijanus, contrasting with A. janus, with longer green conidiophores and the presence of Hülle cells (Table 2) . However, the white conidiophores of A. trisporus differ from A. brevijanus and A. janus, with shorter stipes and predominantly clavated vesicles (Table 2 ). In addition, A. trisporus and A. janus can be differentiated from A. brevijanus by the lack of ability to develop in CYA medium at 37 °C (Table  2) .
Other species of the Jani Aspergillus section were also reported associated with soils. Strains of A. brevijanus were isolated from soils in Mexico (Raper & Thom 1944) and Turkey (Azaz & Pekel 2002) . On the other hand, isolates of A. janus were associated with soils in many countries, such as Brazil (in sand) (Gomes et al. 2008) , Czech and Slovak Republics (Nováková et al. 2012) , Egypt (in sand) (Migahed 2003) , Pakistan (Mirza & Bajwa 2005) , Panama (Raper & Thom 1944) , Turkey (Asan 2004) and the USA (Hodges 1962) . Besides that, strains of A. janus were found either in other environments, such as in blue pine seed in Pakistan (Farooq 2000) , in a cave in Israel (Grishkan et al. 2004) , in air and hospital air in India (Singh & Singh 1999) , in foodstuffs in Turkey (Asan 2004) , in aeciospores of Cronartium comandrae in Canada (Powell 1971) , in the digestive tract of Panstrongylus megistus in Brazil (Moraes et al. 2001) , in a keyboard in Italy (Piccoli et al. 2001 ) and in carton material in the USA (Narciso & Parish 1997) .
The Ferriferous Quadrangle represents one of the most important mining regions in Brazil, containing large iron and gold mines (Azevedo et al. 2012 ). This region is also well known for its natural aspects and great beauty (Lamounier et al. 2011 ). It stands out, nationally, due to its unique environment, and it hosts many endemic species and some that are under risk of extinction, so it is considered a region of "extreme biological importance" (Costa 1998 , Drummond et al. 2005 . Thus, the description of A. trisporus contributes to the knowledge of the under-estimated fungal diversity, especially in Brazilian soils, and the species-rich Aspergillus genus, confirming the necessity of protecting natural habitats, such as those found in the Ferriferous Quadrangle. Metule length (5-) 7 (-9) (3-) 4.5-6 (-7.5) 4-7.5 Phialide length 5-7
(3-) 4-5.5 (-6.5) 4.5-5.5 Conidia diameter (3-) 3.6 (-4.3) 2.5-3.4 3. Metule length (6-) 8 (-10) (4-) 6.5 (-8) (5.5-) 7 (-9) Phialide length (5-) 6 (-8) (4-) 6 (-7) 5-6. 
